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DANBURY LOCAL PROTECTION PROJECT

. STILL RIVER
HOUSATONIC RIVER BASIN
CONNECTICUT

DESIGN MEMORANDUM NO. 1

1. INTRODUCTION

a. Purpose. This memorandum presents the hydrologic and hydraulic
criteria applicable to the design of the Danbury Local Protection Project
on the Still River Iin Danbury, Connectlicut. Part I, Hydrology, includes
sections on climstology, streamflow, flood history and derivation of the
standard project flood. Part II, Hydraulics, presents hydraulics of the
channels including water surface profiles, velocities and freeboard
deeign. Interlor dralnage for this project will be presented in a sepa-
rate design memorandum at a later date.

b. Projlect authorization. The Danbury Local Protection Project was
recommended in "Report on Review of Survey for Flood Control, Housatonic

 River Basin,” dated 13 September 1963. The project was authorized by the
Flood Control Act of 1965, Public Law 89-208, dated 29 October 1965,

¢, Departure from authorized plan. The original project plan hes
been changed to include approximately 3,600 feet of conerete rectangular
channel in place of an lmproved trspezoidal channel previocusly recom-
mended. This change improves hydraulics in the reach and i1s economically
Justified through savings in real estate and bridge costs. Economles of
the change will be presented in Design Memorandum No. 2, "General Design."

In Appendix B, "Hydrology end Hydraulics" of the above referenced
Housatonic Report, it was noted that a hydraulic model study of the proj-
ect was desirable unless it was found possible to improve hydraulic fea-
tures in final design. BHydrsulics of the project are much Improved with
the adoption of the concrete rectangular channel and a model study is now
congidered unnecessary. ’

é. * Project description. The project 1s located on the Still River
within the city of Danbury, Fairfield County, Connecticut. The improve-
ment begins about 300 feet downstream from White Street bridge, extends
for 1.3 miles along the »iver and terminates spproximately 700 feet down-
stream from Triangle Street bridge. The project will consist of the con-
struction of 1.3 miles of new and/or improved river channel, including
low dikes where required and channel protection. Three railroad bridges
and two highway bridges will be replaced with new structures, one private
roadwey bridge will be removed and one rallroad bridge modified. The
general plan of the project is shown on plate 1-10. The project will
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complete improvement of the river channel between existing impro*éements
made upstresm by an urban renewal project and downstream by the State of
Connecticut. Protection will be provided agailnst the standard project

- flood for approximately 90 acres of land within the city of Denbury.

e. Coordination with local authorities. The general design has been
developed with the knowledge and concurrence of the officials of the city
of Danbury who will be furnished copies of this design memorendum after
approval for retention and comment.

PART I - HYDROLOGY

2. DESCRIPTION OF STILL RIVER WATERSHEED

The Still River, a principal tributary to the Housatonic River, is lo-
cated in the southwest corner of the State of Connecticut. The headwaters
of the Still River lie about 3 miles west of Danbury, Connecticut where it
has its gource in Lake Kenosia. From this source the river travels gener-
ally eastward through the center of the developed sections of Denbury and
then noxrthward to Lanesville, Connectilcut where it Joins the Housatonlc
River. The total dralnage ares of the Still River is Tl.5 square miles.

At the Cross Street bridge in Danbury the basin area is 38.3 square miles,
vhich essentially encompasses the entire upper portion of the Still River
vatershed. The topography of the upper portion of the "fan-sheped" water-
shed can generally be characterized es hilly with rather steep slopes whlle
the lower portion is narrow and has mild slopes. The river channel gradi-
ent varies from approximately 26 feet per mile in the upper reaches of the
watershed to 6 feet per mile in the lower portions. Maps of the Housatonic
and Stlll Rilver watersheds are shown on plates 1 and 2.

3. CLIMATOLOGY

'a. Geperal., The Still River basin has a varieble climate character-
ized by frequent but usually short periods of precipitation. The basin
lieg in the path of a weather pattern referred to as the "prevailing
westerlies" which often include cyclonic disturbances that cross the
country from the west or southwest. It Iz alsc exposed to occcasional
coastal storms, scme of tropleal origin, that travel northward along the
Atlentic seaboard. In late summer and autumn these storms occaslonally
attain bhurricene intensity. Due to 1lts proximity to the Atlantic Coast,
the Still River basin escapes the severity of cold and depth of snowfall
that occur in the more northern portions of the Housatonic River basin.

b. Temperature. Mean monthly temperatures in the Still River basin
vary widely throughout the year., The mean ammual temperature is approxi-
mately 49° Fahremheit with the mean monthly temperature varying from 26.6°
Fahrenheit in Jamuary to 71.3° P. in July. The minimum recorded t ar-
ature at Danbury is -16° F.; the maximum recorded temperature is 10L



Fahrenheit. - Freezing temperatures can be expected from November through
March. The mean, maximum and minimum temperatures recorded for each month
at Danbury are shown in teble l-l.

c. Precipitation. The mean annual precipitation over the Still River
watershed is approximately U6 inches and is quite uniformly distributed
throughout the year. The maximum and minimmum annual precipitation at
Danbury for 27 years of record through 1966 are 67.1l5 and 31.85 inches,
respectively. During the month of October 1955 a total of L17.6L4 inches of
rain fell establishing the record monthly maximm. It was alsc during
this month in 1955 that the flood of record was established when 12.08
inches of rain fell during the period 1k to 17 October. Table 1-2 sum~
marizes the precipitation records in Danbury. '

d. Snowfall. The average annual snowfall over the watershed is ap-
proximately 4O inches. Snow usually occurs over the G-month period from
November through April with amounts for the months of December, January
and February usually accounting for almost 75 percent of the total during
this period. Monthly snd annual average snowfall for 25 years of record
at Danbury are tabulated in table 1-3.

e, Storms. The Still River watershed has experienced storms of four
generel Types, nemely:

(1) Extratropical continental storms which move across the basin
under the influence of the "prevalling westerlies."

(2) Extratroplcal meritime storms which originate and move north-
ward along the eastern Unilted States coast.

(3) Storms of tropical origin, some of which attain hurricene
magnitude. .

(4) Thunderstorms produced by local convective activity or by
more general frontal activity.

The most severe storms have been of tropiecal origin and occur during
late summer and early autumn. The most notable recent storms in the Still
River basin occurred in March 1936, September 1938, December 1948, August
and October 1955 and September 1960. Of these, only the March 1936 and
December 1948 storms were not associated with tropical activity. Mass
rainfall curves for the storms of August and October 1955 are shown on
plates 3 and h4. :

4, RUNOFF

a. Dilscharge records. Records of river stages and streamflows at a
gaging station on the Still River near Lanesville, Connecticut (D. A. =
68.5 square miles) have been published by the U. S. Geological Survey
{UsGS) since 1931. These records, in general, are good. In addition to
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Month

January
February
" March

April
May

June

July
August
September

October

November

December

ANNUAL

TABLE 1-1

MONTALY TEMPERATURE RECORD

" (Degrees Fahrenhelt)

Danbury, Connecticut
Elevation 510 feet msl
24 Years of Record

Mean

26-6 ’

29,0
36.5
W77
5T.9
6645
1.3
69.4
62,2
53k
k2.2

30.1L

ko.h

Mexlmam
TL
70
80 .
91
9k
97

101
100
92
91
82
68

101

-16
-16
-k
15
25
35

37

23
19

-16



TABLE 1-2

MONTHLY PRECIPITATION RECORD
in inches '

Danbury, Connecticut
Elevation 510 feet msl
27 Years of Record

Month Mean Maox i Mintmmun
January | 3.42 7.68 | 0.72
Pabruary 3.27 8.0k | - l.22
‘March 3.70 8.68 1.7k
April 3.96 - 8.17 - " 1.34
May ko3 8.58 1.39
June 337 6.5k 0.53
July Lohy 11.30 0.92
August | he37 16,34 1.19
September 3.73 13.56 0,26
October 357 17.64 : 0.24
November k.69 - 8.56 .28
December 3.88 T.88 0.72

 ANNUAL 46,40 67.15 31,85




Foeby it

TABLE 1~-3

MONTHLY SNOWFALL RECORD

(Average Depth in Inches)

Danhury, Connecticut
Elevation 510 feef msl
25 Years of Record

Month
January
Februaxy
March
April
May
June
July
August
September
October
November

December

ANNUAL

Snowfall
10.5
10.2

Te5
1.3

1.8
8.7

40,2



the recordings obtained at this gaging station, the USGS has published
maximm discharge values for the two largest floods of record at a point
on the Still River (D.A. = 38.3 square miles), 0.6 mile downstresm from
its confluence with Sympaug Brook. These values were derived by slope-
area measurement and by computation of flow through a bridge opening.
Flow date at the Lanesville gaging station are summarized in table 1-L,
The mean daily dlscharges for the period 1931-1966 are shown on plates 22
through 25.

TABLE 1-4

STREAMFLOW RECORDS

Drainage Period of Diecharge (cfs)
Location Ares, Record Mean Maximm Minimum
_(sq_.mi.) ‘
Still River 68.5 '1931~1966 116 7,980% 5.0%
near Lanesville (10~16-55) (20-20-L6)

* Momentary discharge

b. Streamflow data. The average annual runoff from the Still River
basin at Lanesville, based on 35 years of record, is 116 cfs, eguivalent
to 23 inches of runoff from the tributary basin ares of 68.5 square miles.
This represents approximately 50 pexrcent of the average annual precipita-
tion. Mean, maximum and minimunm monthly and yearly runoff in cfs for the
period of record at the lLanesville gage is shown in table l-5.

5. HISTORY OF FLOODS

a. General. Flcods in the Stlll River may occur during any season of
the year as a result of elther intense rainfall over the watershed or from
_rainfall in conjunction with melting snow such as the flood of March 1936.
However, the greatest floods have developed from rainfall alone when rain-
fall intemsity and the antecedent conditions rather than the volume of
rainfall were the determining factors. This 1s evident when the storms of
August and October 1955 are compared. The October storm produced 80 per-
cent as much rainfall as that of the August event but owing to greater
antecedent precipitation and & shorter duration, the October storm re-
sulted in a peak discharge 100 percent larger in magnitude.

b Floods of record. The Still River basin has experlenced four major
floods during the 35~year period of record. These floods, the magnitudes
of which are shown in table 1-6, are described briefly in the following
paragraphs, Hydrographs for the August and Cetober 1955 floods are shown




TABLE 1=-5

MONTHLY RUNOFF
OCTOBER 1931 -~ SEPTEMBER 1966
{cubic feet per second)

Still River Near
Lanesville, Connecticut
DA = 68.5 square miles

Month Mean Maximumn Minimm
January 140.3 299 | 33.1
February 148.1 318 : k9.6
March 202.5 67 110.0
April . 193.8 352 68,9
May 123.7 215 45,2
;Iune 81.1 229 33.9
July 59.6 203 2k,9
August 6h.1 439 18.8
September 60.3 380 18.4
October T72.0 6h2 18.3
November 110.5 L84 23.7
December 121. 8 258 31.9

ANNUAL 116, 4 197* 554 lkx

* Water year 1352
**% Water year 1966



on plates 3 and 4. The high vatermarks at various points along the river
in Danbury during the October 1955 flood are shown on plate 10.
TABLE 1-6

MAJOR FLOODS
OCTOBER 1931 - SEPTEMBER 1966

Peak Discherge, cfs

Calendar 'Measured at Computed .at
Year Date Lanesville Danbury*
1955 16 October 7,980 . 5,000
1955 19 August 3,920 2,770
1938 o2 Septea_njber 3,590

. 1936 12 March 3,260

* Values obtained at Cross Street
bridge from computations by the USGS

(1) March 1936, The March 1936 floods resulted from two closely
occurring storms during the periods from the 9th through the 13th and the
17th through the 22nd. The hydrograph at the Lanesville gaging station
shows two distinet peaks. The magnitude of the first peak is twice as
large as that of the second even though the rainfall for both storms dif-
fered by only one~half inch. This was caused by two basic factors: (a)
most of the precipitation in the first storm fell within a T2-hour period,
whereas the second storm was spread over s 120-hour periocd; and (b) tne
first storm was accompanied by generally rising temperatures which pro-
duced considerable snowmelt runoff.

(2) September 1938. The flood of September 1938 was produced by
a hurricane storm following a period of grester than average precipite=-
tion. 'The heavy downpour of rain accompenying the hurricene of 21
September fell on ground already saturated by prior rains. Most of the
natural storsge in lakes, swemps and river chennels was filled to ca-
pacity and did little to reduce the high rates of runoff. The flood hydro-
graph reached its pesk on 22 September.

(3) August 1955. The flood of August 1955 was generated by two
hurricane storms occurring within a few days of each other. The flrst
storm, hurricane "Comnie", maintained a rather uniform rainfall rate dur-
ing the period 1l-1h August and, owing to dry antecedent ground conditionms,



did not produce an exceptional emount of runoff. However, the second
storm, hurricane "Diane", produced intense rainfall on the 18th and 19th
which comblined with the saturated ground conditions apd full ponds and
reservoirs, produced a major flood from the Still River watershed.

(1) oOctober 1955. The greatest flood of record in the Still River
bagin occurred in October 1955, only two months after the August flood,
the second largest of record. The storm producing the flood, although not
a hurricane, was of tropical origin and brought a record amount of preci-
pitation to the basin. Rain fell over the Leday period from the 1llth
through the 17th and totaled 12.08 inches at Danbury. The maximm daily
amount was 6.10 inches on the 16th. Again, the high rainfall intensity
conbined with saturated antecedent ground conditions and 1ittle or no
avallable storage resulted in exceptional amounts of runoff from the basin.

The flood hydrograph peaked on the river at both Danbury and Lanesville
on 16 October. .

6.. FLOOD FREQUENCY

The frequency or percent chHance of oceurrence of flood discharges in
the Still Rilver basin was determined from dats recorded over a 35-year
period at the U. S. Geologleal Survey stream gaging station at Lanesville.
Frequency analyses were made In accordance with procedures set forth in
ER 1110-2-1450, "Hydrologic Frequency Estimates.” Based on a reglonal
analysis, the skew coefficient adopted for the basin was 1.0. From the
discharge-frequency relationships developed for the river at Lenesville,
a discharge=-frequency curve was also derived for the river at Triangle
Street in Danbury. The discharge-frequency curves for both locations are
shown on plate 9.

T. ANALYSIS OF FLOODS

The record floods of August and Octoher 1955 were analyzed in detail
in order to determine the hydrologic characteristics of floods in the
Still River. FRunoff hydrographs at Danbury were derived from the recorded
peak discharges at Triangle Street and by drainage-area relastionships
applied to the observed hydrogrephs at Lanesville. AdJustments were made
to account for the slight difference in rainfall between the upper and
lower portions of the basin. Analyses of the floods are shown on plates
3 through 7. , : '

8. STANDARD PROJECT FLOOD

a. Qeneral. Standard project floods were developed for the Still
River at Cross and Triangle Streets in Danbury and for the intervening
tributary, Sympaug Brook. Development of the SPF hydrographs included
derivation of unit hydrographs from snalyses of the August and October
1955 floods at Cross Street and the application of the standard project
storm excess rainfell in accordance wlth procedures descrilbed in Civil
Works Engineer Bulletin 52-8, as revised.

10
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b. Unit hydrograph anelysis. Three-hour unit hydrographs were de-
veloped from the floods of August and October 1955 for the Still River at
Cross Street in Danbury.. The two derived hydrographs together with the
adopted 3~hour unit hydrograph are shown on plate 7.

¢s Flood discharges. The standard project flood hydrograph for the
38.3 square mile drainage area above Cross Street was derived by applying
the standard project storm rainfall excess to the adopted unit hydrograph.
The resultant flood hydrograph at Cross Street had a peak ordinate of
7,800 efs. Utilizing the derived hydrograph at Cross Street, an SPF
hydrograph was determined for Sympsug Brook by drainage area and peak dis-
charge relationships.

The SPF hydrograph for Sympaug Brook was subtracted from the Cross
Street hydrograph resulting in s peak SPF discharge on the Still River
above Sympaug Brook of 6,900 cfs.. The derived SPF hydrographs for the
Still River at Cross Street, Sympaug Brook and the Still River upstream
of Sympaug Brook are shown on plate 8. The peak SPF discharge of 6,900
cfs was used as the design discharge for the Danbury Local Protection
Project.

d. Effect on improvements by others. The recently constructed
Urban Remewal channel Improvement, to which this project will comnect at
station 9420, was designed to pass the SPF of 6,900 c¢fs. At 1its down-
stream end (station T2460) the Danmbury Local Protection Project will join
the existing improved Still River channel which was built by the State of
Connecticut. This channel was designed to pass the October 1955 flood of
record discharge (5,000 cfs) downstream of Sympaug Brook. Modifications
will be made to a portion of the reach previously improved by the State
of Comnecticut to preclude the need for higher dikes upstream. The proj-
ect {egign flood will pass through the lower reach of the state~improved
channel with minor nulsance demage.
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PART II - HYDRAULIC ANALYSIS

9. GENERAL

The Danbury Local Protection Project has two hydraulically separate
reaches, a 3,615-foot long concrete rectengular channel and a 2,725-foot
riprapped trapezoidal channel. A general plan lllustrating the two
reaches 1s shown on plate 10. Included under hydraulics of the concrete
channel are analyses of the inlet and outlet transitions. Analysis for
riprap design 1s similarly presented wnder hydraulics for the trapezoldal
channel. :

10. CONCRETE RECTANGULAR CHANNEL

a. Description. A concrete rectangular chamnel, 3,430 feet long,
40 feet wide and 13 feet deep, will be comstructed to comvey the Still
River from station 10420 to station 44450, This channel will have en
invert slope of 2 feet per 1,000 feet with invert elevations at the
above stations of 358.3 and 351.4 feet msl, respectively. Plans and
profiles of the concrete channel are shown on plates 11, 12 and 13.

be Manning's "n". Manning's "n" for the concrete channel was found
to range from 0.0135 to 0.0155 using HDC 631 and 631~1, revision 1-68,
with a maximum and minimum "k" for concrete of 0.007 and 0.002, respec~
tively. An "n" of 0,015 was adopted for determining design grades of
walls and an "n" of 0,013 was assumed to insure development of a hydraulic
Jump in the outlet stilling basin,.

c. Channel glope. The adopted channel slope of 0.002 was basged on

- both engineering analysia and judgment., With the adopted slope and an

"n" of 0,015, normsl. depth for the design flow of 6,900 cfs will be 10.7
feet or 10 percent greater than critical depth. With an "n" of 0.013
the flow would be approximately eritical at a depth of 9.7 feet with a
velocity of 17.8 feet per second. It was realized that in the event that
"n" wag nearer 0.013, normal flow would approach critical depth resulting
in a turbulent flow condition. However, the adoption of a flatter slope
would result in increased wall height and because the natural land grade
in the area is between 0.002 and 00,0025 a lesser slope would create
problems in providing for interior drainage into the channel at the down-
stream end. It was therefore concluded that the additional freeboard due
to shallower depth of flow for lesser "n" values would be adequate to con-
fire any added turbulence and the more econcmical slope of 0.002 was
adopted. The standard project flood has a frequency of once in 250 years
and 1ts peak flow of 6,900 cfs would last only for a 2-hour period.

d. Inlet transition. A 100-foot long transition section at the
inlet, station 9420 to station 10420, will converge the flow from the
existing 72-foot wide upstream urban remewal channel to the 4O-root wide

12
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rectangular channel. Convergence of 32 feet in 100 results in each wall
having an angle of convergence of 9.l degrees. In the transition the in-
vert will drop 0.13 foot with a slope of 0.0026 for the first 50 feet and
then 6.15 feet uniformly in the remaining 50 feet, resulting in a slope

of 0,128, :

The existing upstremm urban renewal channel was designed to conmvey
the same design discharge of 6,900 cfs under normal subcritical flow
conditions at a velocity of O feet per second and a depth of 10.8 feet.
The proposed inlet transition is hydraulically designed to maintain
these same flow conditions in the upstresm channel. The design discharge
will enter the inlet transition at a normal depth of 10.8 feet und &
velocity of 9 feet per second, accelerate to critical depth and velocity
at the change in invert slope and continue to accelerate throughout the
remainder of the transition to a veloclity of 25.1 feet per second and a
depth of 6.9 feet at the start of the concrete rectangular channel.

The slope of 0,002 in the concrete rectangular channel will not sus-
tain supercritical conditions amd flow will return to suberitical. The
distance downsiream at which flow will return to subcritical will vary
with the discharge in the river. A curve of theoretical distance to hy-
draulic jump versus discharge is shown on plate 17. EHydraulic computa=-
tions were based on a Manning's "a" of 0.015 and a convergence loss cow
efficient of 0.2 in the inlet tramsition. It is noted that all hydrsulic
Jumps for the entire range of discharges would be classified as "undular”
because Froude mumbers do not exceed 1.7 (V. T. Chow, "Open-Channel
Bydraulics, 1959, page 395). Manning's "n" is of litile eignificance in
the design of the inlet transition. However if an "n" of 0,013 1s assumed
rather than 0,015, flows will not decelerate to subexritical bui only to
critical and no Jump will occur.

. e, Qutlet transition. An outlet transition will be bullt between
stations 44450 and 45435 where flows will be stilled before discharging
into the trapezoidal channel, The stilling basin transition will vary
uniformly from the U0-foot wide chammnel to a width of 55 feet in a dls-
tance of 35 feet. A corresponding drop in the invert of 2.8 feet takes
place wniformly over this distance resulting in an invert slope of 0.080
and a lowering of the channel from elevation 351.4 to 348.6. The re-
malning 50 feet of the basin conaists of a 55~-foot wide rectangular
section with a level bottom at elevation 348.6 terminating with a 2-foot
high dentated sill. A plan and profile of the outlet basin is shown on
plete 19. Flows will pass from normal depth in the chamnel to critical
flow at the entrance to the outlet transition and continue to accelerate
through the diverging section of the basin. Within the basin the flow
will jump hydraulically to the conJugate tallwater depth produced by the
downstream trapezoidal channel.

The design discharge of 6,900 cfs will heve a critical flow depth
at the basin entrance of 9.7 feet and a velocity of 17.8 feet per second.
Tt will then accelerate to a veloclty of 26.2 feet per second at the toe
of the tramnsition and then Jump to the conjugate depth and veloecity of

13



12.6 feet and 6.8 feet per second, respectively.

. Further analyses indicated that the design discharge of 6,900 cfs is
the most severe hydraulic criteria for the design of the outlet basin.
It was determined that the downstream tailwater will provide a sutmer-
" gence effect for all lesser flows. All jumps in the cutlet basin would
be classified as "weak Jumps" since Froude mumbers will not exceed 2.5.

f. Wa.ter surface profiles. Water surface profiles were determined,
both for "drswdown in the inlet and outlet structures and "backwater”
in the concrete rectangular channel, using computer program 22-J2-L212
furnished by the Sacramento Hydrologic Engineering Center. The method
used by this program is generally similar to method 1 described in
EM 1110-2-1409, 7 December 1959, "Backwater Curves in River Channels."
Computed water surface profiles for the concrete rectangular channel and
the terminal structures are shown on plates 11, 12 and 13.

g. Velocities. Maximum normal flow velocity of 16.1 feet per
second in the concrete rectangular channel will occur with the design disz-
charge of 6,900 cfs. Nommal flow curves relating depth, velocity and dise
charge in the concrete rectangular channel with a slope of 0.002 are shown
on pilate 18, Maximm velocities in the inlet and outlet structures will
be 25.1 and 26.2 feet per second, respectively. Computed velocities are
indicated on plans and profiles of the concrete channel shown on plates
11, 12 and 13.

h. Analysis of bemds. Of the numerous bends in the rectangular
channel. the shortest radius curve is between stations 34405 and 36489.
Between these stations the channel turns & 97 degree arc on a centerline
radius of 167 feet. A maximm superelevation at this bend of 2 feet was
computed using the following formula. Therefore the maximm rise in
water surface elong the outside wall above the average design water sure
face 18 1 foot.

S'E. - _VEQ
Reg
where S.E. = Difference in elevation of water surface betveen

the inside and outside wells
s Velocity in feet per second
w Channel width

 Radius of curve in feet

‘mgaa'.q
|

w Oravitational acceleration

i. Shock waves. An analysis was made to determine the probable
height of shock or obligue standing waves that might occur in the concrete
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rectengular channel using the following baslc equation from "Engineering
Hydraulics," by Rouse, 1950, page 551.

75« Frem*(8+ %)
where >/, = Depth before wave
Y a Depth after wave
F; s Froude # before wave

s Wave deflection angle

D

& = Wall deflection angle

The greatest shock wave potential will occur at the end of the inlet
transition where flows enter the concrete rectangular cha.nnel. At this lo=-
cation © = 7./°, the Froude number F| = 1.7 and & = Sin =1 1/F a 360,
resulting in Y/Y) = 1.2. Since YL = 6.9 feet s shock wave of 1.4 feet may
occur resulting in a "Y" of 8.3 feet. This depth iz gtill well below the
design normal flow depth in the channel of 10.T feet, therefore shock waves
were not, significeant in detemmining wall heights.

J. Freeboard. Generally the concrete channel w111 be 13 feet deep
providing s freeboard above the design water surface of 2.3 feet In
straight sections of the channel. Selecting this freeboard was based on
the following considerations: -

(1) '™e top of the concrete walls will be below existing groumd
elevation for most of its length, therefore demages from short duration
overtopping would be minor.

(2) Overtopping of a concrete wall, where it is above the ground,
does not mean breeching of the protection as In the case of earth dikes.

(3) Tere are several bends in the concrete channel in addition
to the one described in "h". The selected freeboard will provide protec-
tion for some superelevation in these lesser bends.

(%) In addition to the infrequency of the standard project flood,
the peak flow at Danbury would occur for omnly about 2 hours.

One foot additional height will be provided on the left wall for
superelevation at the bend upstresm of Chestnut Street., The wall will be
sloped uniformly upward from station 32400 to 34400. The cne foot added
height will then be maintained to the Chestnut Street bridge abutment,
dropped to one-half foot between the bridges, and returned to normal at
the dowvnstresm end of the railroad bridge abutment.

k. Dischgge rating., A normal flow rating curve of depth above in-
vert versus discharge for the h4O-foot wide concrete rectangular channel
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is shown on plate 18. Computations were based on a Manning's "n" of 0.015
and a bottom slope of 0.002, :

11. RIPRAPPED TRAPEZOIDAL CHANKEL

8. Description. The Still River flows will be conveyed in a rip-
rapped trapezoidal channel from the outlet of the concrete rectangular
channel, station 45435 to the downstreem limit of the project at station
72460, The channel will have side glopes of 1 on 2 and the bottom width
will diverge in the first 435 feet from a width of 55 to 80 feet. In a
distance of 665 feet the bottom will trensition from level to a triangu-
lar "V" shape with the center 3 feet lower than the outside edges. This
"V"-shaped bottom was adopted to provide confinement of normal low flows.
The channel will have an invert slope of 0.001l17 from station 45435 to
station 52400, 0,0010 from station 52400 to station TO400 and 0.0038 from
station T0400 to station 72400, A general plen of the channel is shown
on plates 14 and 15. ‘ '

Initial soil explorations indicate that it may be necessary to flatten
_side slopes to 1 on 2.5. It has been determined that a channel with 1 on
2.5 slde slopes and a T5~foot bottom width iz comparable hydraulically and
will be adopted if the change is found necessary. Final side slope selecw
tion will be presented in later design memoranda.

. Water surface profiles. Water surface profiles vere determined
by beckwater computations using the previously referenced computer program.
Computations were started at Cross Street bridge, a natural hydraullic con-
trol 2,700 feet downstreem of the Corps project. Backwater was caomputed
from this control upstream through the State of Commecticut improved chan-
nel and then through the trapezoidal channel proposed by the Corps. Compu-
tations were made using a Manning's "n" of 0.035 and loss coefficients for
expansion and contraction of 0.3 and 0.2, respectively. Water surface
profiles for the proposed Corps channel are shown on plates 14 and 15.

c. Veloclties. Average velocities in the trepezoidal channel for
the design discharge of 6,900 efs vary from 5.9 to 6.8 fps. Maximum
velocities of 6.8 fps were computed for the section at station 45450.
The computed velocities are indicated on plates 1% and 15.

d. Freeboard design. The design depth of the channel and heights of
dikes whére necessary were establighed to provide a minimum of 3 feet of
freeboard shove the design water surface profile. Design heights of protec-
tion are illustrated on plates 14 and 15.

e. Riprap design

(1) Genersl. The riverward slopes of dikes and the excavated
trapezoidal channel will be protected with a layer of stone riprap. The
design of riprap protection was based on the "tractive force" theory set
forth in the draft report titled, "Criteria for Graded Stone Riprap Chan-
nel Protection," dated 20 April 1966.
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(2) Design criteria. The stability of stone riprap against
movement by tractive force is related to the equivalent diameter of the
50 percent by welght finer stones designated D50 minimmm. Based on in-
terpretation of information in the above referenced draft report, e
graphlical relationship was developed by this office between depth of flow
"Y", friction slope "S" and permissible D5p minimm. This graph is shown
on plate 2l. For further discussion of tge design criteria and develop-
nent of the graphical solution reference 1s made to Design Memo No. 3,
"Hydraulic Analysis and Riprap Deeign," dated April 1968 for the Local
Protection Project, Derby, Connecticut.

(3) Dsp minimums. Dso minimums were computed for the side
slopee and bottoms of the channel for each reach having similar flow
characteristics. The maximum local unit boundary shear in the section,
which occurs at the toe of the side slope, was used in the design of the
stone riprap for the entire glope. Depths of flow and friction slopes
used in the analyses were the maximum derived from the backwater studies
previcusly discussed. Representative cross sections used in the analyses
and the computed D50 min's are shown on plate 20.

(4} 8ize and layer thickness of stone protection. The two
clesses of riprap to be specified for the project are described in table
1-7. Class I riprap will be used on all riverward side slopes of the
channel and on the channel bottom upstream of station 49400, Class II
riprap will be used for the channel bottom downstream of station 49400.

- 12+ RIVER CROSSINGS

Presently there are four roadway and four railway crossings of the
Still River within ‘the limits of the project area. With the proposed
project four of the rallway bridges and two of the highway bridges,
Chestnut and Casper Streets, will be replsced with new structures. The
private roadway bridge at station 18400 will be removed and Triangle
Street bridge will not require modification.

The proposed modified plan, with the concrete rectangular channel,
greatly improves the hydraulics of river crossings. All crossings of
this channel will be clear span structures with adequate clearance be~
tween low chord and design water surface, thereby posing no hydraulic
restriction.
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TABLE -7
CLASSES OF STONE RIPRAP

Percent by
Basic layer Weight
Class Thickness Stone Weight SSD) Fiper D50 Min.
(inches) {1bs) ' Efeeti
Between 15«25 . 50
Less than 10 15
' 2 min. 0
II 9 ) 40 max. 100 0.35
Between 4=10 50
0.5 min. 4]

* To be increased to 2k inches on channel bottom for
a distance of 50 feet downstream of stilling basin

Bedding Material - A minimm of 12 inches of bank
run gravel will be used for bedding throughout

18
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DEPARTMENT OF THE aRMY CORPS OF ENGINEERS

UNIT HYDROGRAPH BASIC DATA SHEET

(7) sTREaM anD sTarion__Still River, Danbury, Connecticut.r, LONG.

(8) 04TE oF sToru1T=19 August 1955  (5) grrice _New England Division

{10} DRAINAGE AREA 28.3 SO.MI. {11} 1L .08 MiL(12) L, Loth i (13) (L )%? 3.1
{14} AVERAGE RAINFALL 6.09 1% (15) 1, 12 s, (16) DIRECT RUNGFF 3.6 (N,
(17) o T68 Fs. (18) qp_ 201 crs;somn(19) o, 805 cps. (o0) tok__ a5 e,
(21) 'p 10s5 wrs.(22) v, has, (23) Ctalte©8 15y C 640 201 ¥, #Rs, %75 HRS,
TIME OBSERVED ESTIMATED OIRECT OBSERVED ADJUSTED REPRODUCED
DISCHARGE | BASE FLOW RUNOFF 12 HR UNIT HR UNIT STORM
DAY/HR. : HYDROGRAPH { HYDROGRAPH | HYDROGRAPH
{2008 CFS) | (4000LFS) [ (3008 CFS) | (1000=CFS) | (4808 CFS) | (1000 CFS)
(25} (26) {27) (28) (29) - (30} (31) {32} (33}
(18 6p 75 75 0 Q 0
9p 350 15 275 76 280
12m | 1,000 75 Q25 256 600
19 . 3a | 1,655 75 1,580 438 750
6a | 2,200 75 2,125 589 805
9a | 2,570 75 2,495 691 785
12n | 2,760 75 | 2,685 Thli Th8
2,755 7> 2,680 7h3 692
Gp i 2,630 1> 2,553 708 600
9p | 2,400 75 2,325 Bl 528
[ 12m | 2,125 75 2,050 .| 568 450
20 _3a | 1,840 75 1,765 L80 380
fa | 1,570 75 1,495 L3k 320
Qa 4§ 1,395 15 1,250 347 265
12n .| 1,120 s 1,0u8 290 215
3p 930 75 855 237 180
fp 765 75 £90 192 150
9p_ £35 75 560 | 155 125
12m _530 15 455 126 100
2L  3a 450 5 375 104 80
6n 385 15 310 86 62
9a 330 5 255 71 47
12n 280 | 75 205 57 35
3p 250 75 175 o) 28
ép 220 75 145 iTe] 20
P 180 75 105 29 10
12m 155 5 80 22 5
22 _3a 130 73 55 15 2
6a, 105 75 30 9 Q
98 90 75 15 b
1on 75 72 Q o)
DATE COMPUTED BY

::lgc:c::; | 823 (EM-1110-2.1405) | BLATE 1=5



DEPARTMENT OF THE ARWY CORPS OF ENGINEERS

UNIT HYDROGRAPH BASIC DATA SHEET

(7) sTreaM awp sTaTion_St1ll River, Danbury, Connecticut . LONG.

(8) DaTE OF sTorM L4=17 October 1955 (s) orrice New England Division

(10) oraiNaGE apea__ 3803 so.mMn. (1) L__ 9408 (1) (, BeTH  wim3) (L %3 3.1
(1) avErage RAINFaLL___ 12,08 N (15) to__ X2 RS, (16) DIRECT RUNGFF 173 N,
(17 0. 640 CFS. (18} qpg 16,7 crs/so.mi.(19) % 640 ¢Fs. (20) bor 13.0 HRS,
(21) Yo 125 wrs.(22) by, kRS, (23) Ctr 4.2 (2u) CpBH0 217 vy Hrs. ¥7s HRS,
TiME OBSERVED ESTIMATED DIRECT DBSERVED ADJUSTED REPRODUCED
DISCHARGE | BASE FLOW RUNOFF 12 Hr UNIT HR UNIT STORM
m'f/HR_ HYOROGRAPH |~ HYDROGRAPH | HYDROGRAPH
(4008 CFS) | (200® CFS) i, (tom® CFS) (1=oe=CFS) | {4m0® CFS) | (T00® CFS)
{25) (26) (27} {28 (29} {30) {31) (32) (33)
15 3p 50 50 0 0 0 .
ép 430 50 . 380 ) 180
9p.l 1,350 30 1,300 168 540
12m | 2,800 50 2,750 356 615
16 3a | 4,250 50 4,200 543 636
6a | 4,830 50 4,780 618 640
9a | 5,000 50 L 950 [T} 631,
12n | k4, oko 50 4,890 632 £11
p | b,7hO 50 ) ,690 607 570
6p | 4,400 50 4,350 563 hoo
9p.| 3,960 50 3,910 506 415
12m | 3,L20 50 3,370 436 356
7.3l 2,975 50 2,925 378 309
6a | 2,610 50 2,560 331 267
ga | 2,300 | &0 2,250 291 235
lon | 2,040 20 1,990 257 210
3pi 1,810 5Q 1,760 228 190
fm | 1,600 50 1,550 | 201 172
gp | 1,h20 50 1,370 177 156
12m | 1,270 50 1,220 158 145
(18 3=l 1,160 50 1,110 Lk 130
6al 1,050 50 1,000 129 118
) QA0 =0 910 118 105
12n 875 50 f25 107 go
800 50 750 Q1. 2
% T30 50 680 88 71
9p 670 50 | 620 80 60
12m 600 50 550 T1 L8
19 3a 530 50 480 62 38
6a L70 50 420 5h 3Q
9a | 110 50 360 L7 20
12n 360 50 310 ho 12
3 320 50 __270 35 7
ép 280 50 230 30 5
9 2ho 50 190 25 2
12m 200 50 150 19 Q
20 Ra 175 - 50 125 16
6a 1hs5 50 95 12
. 9a 120 50 70 9
, 12n 90 50 Lo 5
valE COMPUTED BY
ENG FORM 1823 (EM 1110-2-1405) _ PLATE |-6
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